Microlunatus panaciterrae sp. nov., a b-glucosidase-producing bacterium isolated from soil in a ginseng field T belonged to the family Propionibacteriaceae, the highest levels of sequence similarity being found with the type strains of Microlunatus ginsengisoli (96.4 %) and Microlunatus phosphovorus (96.2 %). The strain showed ,95.9 % similarity with respect to other species within the family Propionibacteriaceae. In addition, the presence of LL-2,6-diaminopimelic acid in the cell-wall peptidoglycan, MK-9(H 4 ) as the major menaquinone and anteiso-C 15 : 0 and iso-C 15 : 0 as the major cellular fatty acids suggested its affiliation with the genus Microlunatus. The G+C content of the genomic DNA was 65.1 mol%. On the basis of its phenotypic characteristics and phylogenetic distinctiveness, strain Gsoil 954 T represents a novel species within the genus Microlunatus, for which the name Microlunatus panaciterrae sp. nov. is proposed. The type strain is Gsoil 954
During a study of bacterial populations that metabolize ginsenoside Rb1 to Rg3, Rh2 or compound K, a large number of b-glucosidase-producing novel strains from various sources, such as human faeces, environmental soils, wastewater sludge and different types of soil used for ginseng cultivation, were screened. One of these bglucosidase-producing isolates, designated strain Gsoil 954 T (isolated from soil used for ginseng cultivation) was characterized in this study. On the basis of 16S rRNA gene sequence data, this strain was shown to represent a novel species of the genus Microlunatus in the family Propionibacteriaceae. The genus Microlunatus was first described on the basis of the characteristics of the type species of Microlunatus phosphovorus by Nakamura et al. (1995) . At the time of writing, the genus also contained another recently described species, Microlunatus ginsengisoli (Cui et al., 2007) . In this study, we characterized a novel Microlunatus-like strain, Gsoil 954 T , which was isolated in South Korea from soil used for ginseng cultivation.
For strain isolation, a sample of soil used for ginseng cultivation was suspended in 50 mM phosphate buffer (pH 7.0) and the suspension was spread on modified R2A agar plates (containing, l 21 , 0.25 g tryptone, 0.25 g peptone, 0.25 g yeast extract, 0.125 g malt extract, 0.125 g beef extract, 0.25 g Casamino acids, 0.25 g soytone, 0.5 g glucose, 0.3 g soluble starch, 0.2 g xylan, 0.3 g sodium pyruvate, 0.3 g K 2 HPO 4 , 0.05 g MgSO 4 , 0.05 g CaCl 2 and 15 g agar). The plates were incubated at 30 u C for 1 month. Single colonies were purified by transferring them onto new plates (modified R2A medium) for further incubation. Strain Gsoil 954 T was one of the isolates that appeared on the modified R2A agar plates under aerobic conditions. It was routinely cultured on modified R2A agar at 30 u C and maintained as a glycerol suspension (20 %, w/v) at 270 u C.
The Gram reaction was tested by using the non-staining method as described by Buck (1982) . Cell morphology and motility were investigated with a Nikon light microscope (61000 magnification), using cells grown on R2A agar for 3 days at 30 u C. Catalase and oxidase tests were performed as outlined by Cappuccino & Sherman (2002) . Acid production from 49 carbon sources was tested at 30 u C with API 50 CH in combination with API 50 CHB/E medium (bioMérieux). Growth at a variety of temperatures (4, 15, 20, 25, 30, 37, 42 and 45 u C) was assessed on R2A agar. Growth at a variety of pH values was assessed in R2A broth (Difco). Utilization of substrates as sole carbon sources and some physiological characteristics were determined with API ID32 GN, API 20NE and API 20E galleries according to the instructions of the manufacturer (bioMérieux). Phosphate uptake was measured as described by Nakamura et al. (1995) . Tests for degradation of DNA [DNase activity; using DNase agar (Scharlau) and flooding plates with 1 M HCl], casein, chitin, starch (Atlas, 1993) , lipids (Kouker & Jaeger, 1987) , xylan and cellulose (Ten et al., 2004) were performed and evaluated after 10 days. Salt tolerance was tested with R2A broth supplemented with 1-10 % (w/v) NaCl after 5 days incubation. Growth on nutrient agar, trypticase soy agar and MacConkey agar was also evaluated at 30 u C.
Cells of strain Gsoil 954
T were aerobic, Gram-positive, non-endospore-forming, non-motile and coccus-shaped. Colonies grown on R2A agar plates for 5 days were smooth, circular, non-glossy, yellowish in colour and 1-2 mm in diameter. Physiological and biochemical characteristics of strain Gsoil 954
T are summarized in the species description. Selected characteristics that serve to differentiate strain Gsoil 954
T from related species of the genus Microlunatus are shown in Table 1 .
For measurement of the G+C content of the chromosomal DNA, genomic DNA of the novel strain was extracted and purified as described by Moore & Dowhan (1995) , enzymically degraded into nucleosides and then determined as described by Mesbah et al. (1989) using reversedphase HPLC. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under a vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed using HPLC as described previously (Hiraishi et al., 1996) . Cellular fatty acids were determined for strains harvested from R2A (Difco) agar plates after 5 days incubation. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acids were analysed using a gas chromatograph (model 6890; Hewlett Packard) and were identified using the Microbial Identification software package (Sasser, 1990) . Diaminopimelic acid isomers in the cell-wall peptidoglycan were determined by using TLC after hydrolysis with 6 M HCl at 100 u C for 18 h, as described by Komagata & Suzuki (1987) . Polar lipids were extracted Nakamura et al., 1995) . All of the strains were Gram-positive, non-endospore-forming, non-motile, cocci-shaped bacteria. All of the strains could reduce nitrate to nitrite under aerobic conditions. All of the strains were positive for b-glucosidase activity and utilization of D-glucose, D-mannose, L-arabinose, maltose and melibiose as sole carbon sources. All of the strains were negative for the utilization of glycerol as a carbon source. All of the strains were positive for catalase activity. +, Positive; 2, negative; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; PL, unidentified phospholipid(s). and examined using two-dimensional TLC (Minnikin et al., 1977) .
The G+C content of genomic DNA of strain Gsoil 954 T was 65.1 mol%. MK-9(H 4 ) was the predominant respiratory menaquinone. The cell-wall peptidoglycan of strain Gsoil 954 T contained LL-diaminopimelic acid. The polar lipids detected were phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol; phosphatidylethanolamine is rarely found in members of the family Propionibacteriaceae (Maszenan et al., 1999) , so this difference could serve to differentiate strain Gsoil 954 T from Microlunatus phosphovorus ( Table 2 ). As shown in Table 2 , iso-C 15 : 0 and anteiso-C 15 : 0 constitute more than 60 % of the total fatty acid content of strain Gsoil 954 T and showed levels similar to those of the type strains of Microlunatus panaciterrae and M. phosphovorus. However, the presence of C 17 : 0 and C 17 : 1 v8c, the absence of iso-C 14 : 0 and iso-C 15 : 1 G and the existence of some quantitative differences in fatty acid composition served to distinguish strain Gsoil 954
T from the recognized members of the genus Microlunatus (Table 2) .
PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out as described by Kim et al. (2005) . Almost-complete sequences of the 16S rRNA gene were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of representatives of related taxa were obtained from GenBank. Multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) , gaps were edited in the BioEdit program (Hall, 1999 ) and evolutionary distances were calculated using the Kimura twoparameter model (Kimura, 1983) . Phylogenetic trees were constructed by using a neighbour-joining method (Saitou & Nei, 1987) and maximum parsimony (Fitch, 1971 ) with the MEGA3 program (Kumar et al., 2004) ; bootstrap values were based on 1000 replications (Felsenstein, 1985) .
An almost-complete 16S rRNA gene sequence (1454 bp) of strain Gsoil 954
T was determined and subjected to comparative analysis. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain Gsoil 954 T belongs to the genus Microlunatus (Fig. 1) . The closest phylogenetic neighbours of strain Gsoil 954
T are Microlunatus ginsengisoli Gsoil 633 T (96.4 %) and M. phosphovorus DSM 10555 T (96.2 %). The phylogenetic distance from any other recognized species within the family Propionibacteriaceae was less than 95.9 %. There is general agreement that a DNA-DNA relatedness level of approximately 70 % is the threshold value for defining species (Wayne et al., 1987) . On the basis of the available data, organisms that share less than 97.0 % 16S rRNA gene sequence similarity will not show more than 60 % reassociation, irrespective of the hybridization method used (Stackebrandt & Goebel, 1994; Keswani & Whitman, 2001 ). Thus, the phylogenetic results for strain Gsoil 954 T demonstrated that the strain was not related to any of the recognized members of the genus Microlunatus.
In summary, the morphological, biochemical and chemotaxonomic properties of strain Gsoil 954 T are consistent with those described for the genus Microlunatus. On the basis of the relatively low 16S rRNA gene sequence similarities (,97 %) and the combination of unique phenotypic characteristics (Table 1) , strain Gsoil 954 T represents a novel species of the genus Microlunatus, for which the name Microlunatus panaciterrae sp. nov. is proposed.
Description of Microlunatus panaciterrae sp. nov.
Microlunatus panaciterrae (pa.na.ci.ter9rae. N.L. n. Panax -acis scientific name for ginseng; L. n. terra soil; N.L. gen. n. panaciterrae of soil of a ginseng field).
Cells are Gram-positive, strictly aerobic, non-motile, coccus-shaped and 0.3-0.7 mm in diameter after 24 h culture on R2A agar plates. Colonies grown on R2A agar for 5 days are smooth, circular, non-glossy, yellowish, convex and 1-2 mm in diameter. Grows well at 20-30 u C and at pH 5.0-9.0, but does not grow at temperatures below 15 u C or above 37 u C. Grows on nutrient agar, but not on MacConkey agar or trypticase soy agar. Growth on R2A agar occurs in the absence of NaCl and in the presence ) is the predominant menaquinone. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 and iso-C 16 : 0 . The cell-wall peptidoglycan contains LLdiaminopimelic acid. The polar lipids detected are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol.
The type strain, Gsoil 954 T (5KCTC 13058 T 5DSM 18662 T ), was isolated from soil from a ginseng field in Pocheon Province, South Korea. The DNA G+C content of the type strain is 65.1 mol% (as determined by HPLC). T and related species. This tree was constructed using the neighbour-joining method (Saitou & Nei, 1987 ) with a Kimura (1983) twoparameter distance matrix and pairwise deletion. Filled circles indicate branches that were also recovered by using maximumparsimony algorithms. Bootstrap percentages (based on 1000 replications) .70 % are shown at branch points. Bar, 2 substitutions per 100 nucleotide positions.
